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@ Flareless compression fitting. 

© A connector for attaching a cylindrical flare- 
less tube (22) having an end and an end region 
to a tubular fitting (10) having an axis, an 
externally threaded portion (20) and a sealing 
face (14) comprising, in combination, a sleeve 
(28) having an axis adapted to be placed over 
the end region of the tube, said sleeve including 
a rearward facing end and a forward facing end 
(42) defining a sealing face adapted to be 
located in an opposed axially aligned relation- 
ship to the fitting sealing face, an annular rear- 
wardly facing recess (46) defined internally 
within said sleeve adjacent said forward facing 
end for receiving the end of the tube and estab- 
lishing a metal-to-metal sealing relationship 
therewith, a conical surface (44) defined in said 
rearwardly facing recess forming an undercut 
for receiving, supporting and outwardly flaring 
the tube end, an internal conical cam surface 
defined upon said sleeve adjacent said rear- 
ward facing end, a ferrule (26) having a front 
portion, a rear portion having an external abut- 
ment surface (40), an internal diameter substan- 
tially equal to the diameter of the tube, and an 
external tapered surface adapted to engage 
said sleeve conical cam surface for deforming 
said front portion inwardly into a metal-to-metal 
sealing engagement with the tube's cylindrical 
surface, a nut (30) surrounding said sleeve and 
said ferrule having threads adapted to engage 
the fitting threaded portion, said nut having an 
internal shoulder (52) adapted to engage said 
ferrule's abutment surface forcing said ferrule 
forwardly engaging said ferrule tapered surface 
and sleeve cam surface and forcing said sleeve 
sealing face Into the fitting sealing face to 
establish a sealing relationship therebetween. 
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A tube connector for sealing a f lareless tube to a 
fitting having a flat sealing face perpendicular to the 
fitting axis. The tube connector incorporates a ferrule 
engaged by a sleeve mounted on the end of the tube 
and having a flat radial surface for engaging the fit- 
ting sealing face. The ferrule is deformable and es- 
tablishes a primary wedge type metal-to-metal seal- 
ing engagement with the tube by a compression nut 
threaded upon the fitting. The ferrule radially bows 
under axial and radiaJ compression and this deforma- 
tion suppresses vibration while the shape of the fer- 
rule end engaged by the nut increases the radial for- 
ces on the ferrule as the nut is tightened to provide 
firm tube support remote from the seal region. The 
sleeve is provided with an internal undercut adapted 
to outwardly flare the end of the tube to lock the tube 
to the sleeve, and radially support the tube end as the 
tube is compressed during connection. 

Flareless tubes are commonly connected to a 
tubular fitting body by a nut and ferrule type tube con- 
nector assembly wherein a ferrule is placed over the 
end of a tube, and the ferrule is provided with a seal- 
ing face having a configuration adapted to conform to 
a sealing face defined upon the fitting body to estab- 
lish a sealing relationship therewith. Often, the fer- 
rule is provided with a deformable portion having an 
internal edge or serrations adapted to be deformed 
inwardly into engagement with the associated tube by 
tightening of a compression nut on the fitting body so 
as to produce a metal-to-metal sealing relationship 
with the tube and prevent the tube from axially sepa- 
rating from the fitting such as shown in U.S. Patent 
3,109,673 and the assignees U.S. Patent 4,529,231. 

Tube connectors of the flareless types are often 
employed with tubes formed of various materials and 
hardness, and as the sealing and axial force resis- 
tance between the tube and tube connector is de- 
pendent upon the engagement of the ferrule with the 
tube, when connecting tubes of relatively hard mate- 
rials or nonuniform surfaces, a fluid tight assembly is 
not always obtained. Even if a fluid tight assembly is 
initially established, leakage may occur during normal 
operation due to tubing vibration and deflection if the 
primary engagement between the ferrule and tube is 
located adjacent the primary sealing region. Some 
tube connectors have utilized constructions which 
have improved the overall performance of the con- 
nector, but the results are still less than satisfactory 
and often the constructions require expensive man- 
ufacturing processes. / 

In U.S. Patent 2,523,135 a tube connector is 
shown utilizing a double ferrule arrangement wherein 
one of the ferrules is deformed into a wedge type met- 
al-to-metal sealing engagement with the associated 
tube. This wedge type of engagement has an advan- 
tage over tube connectors employing ferrules which 
utilize a cutting edge or serrations because a larger 
contact area is created between the tube and ferrule 



which produces a more effective seal and provides 
frictional forces capable of establishing an effective 
grip on the tube. The outer ferrule has a conical seal- 
ing face which establishes a sealing engagement with 

5 a conical sealing face defined on the fitting body, and 
this requires time consuming and expensive machin- 
ing processes. Also, the end of the tube is not re- 
ceived in a supportive relationship with the ferrule 
which would provide additional vibration resistance. 

10 In U.S. Patent 2,737,403 a double ferrule ar- 
rangement is utilized wherein the end of the tube is 
received in a sealing engagement with a circumferen- 
tial undercut defined in one of the ferrules while the 
other ferrule establishes a sealing engagement with 

is the outer surface of the tube so as to provide a double 
seal. The undercut portion flares the end of the tube 
outwardly to create a seal against the ferrule. How- 
ever, the ferrule which engages the tube outer sur- 
face and the nut utilize a perpendicular contact rela- 

20 tionship which does not resist vibration loading, and 
the construction includes abutment shoulders de- 
fined on the ferrule and nut which engage to limit nut 
tightening so if leakage occurs during operation fur- 
ther tightening cannot be accomplished to stop the 

25 leakage. Also, the sealing face of the ferrule which 
engages the fitting body sealing face is of a conical 
configuration and this requires accurate machining 
which would not be necessary if the sealing faces 
were flat. 

30 It is an object of the invention to provide a tube 
connector of the nut and ferrule type for connecting 
a flareless tube to a fitting body having a flat sealing 
face wherein the tube connector is relatively inexpen- 
sive to manufacture, simple and efficient to use, de- 

35 pendable in operation, and is capable of being utilized 
with a wide range of tubing materials of various hard- 
ness. 

Another object of the invention is to provide a 
tube connector which utilizes a ferrule and sleeve ar- 
40 rangement wherein the sleeve is provided internally 
with a circumferential undercut for outwardly flaring 
the end of the tube and establishing a supporting and 
locking relationship therewith while the ferrule estab- 
lishes a wedge type metal-to-metal sealing engage- 
rs ment with the outer surface of the tube so as to pro- 
vide a double seal. 

Yet another object of the invention is to provide 
a tube connector which utilizes a ferrule and sleeve 
arrangement operable by a compression nut wherein 
so the sleeve is mounted upon the end of the tube and 
the ferrule includes front and rear portions, the nut 
having an internal cam surface adapted to force the 
ferrule axially forwardly into engagement with the 
sleeve deforming the front portion into a metal -to- 
65 metal sealing engagement with the tube as weii as to 
deform the ferrule into a bowed configuration and its 
rear portion radially inwardly into the tube to assist in 
vibration dampening. 
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An additional object of the invention is to provide 
a tube connector which utilizes a ferrule, sleeve and 
compression nut arrangement wherein the construc- 
tion of the connector does not include means for lim- 
iting tightening of the nut and the nut may be suffi- 5 
ciently tightened to establish a double seal between 
the connector and associated tube to provide a fluid 
tight assembly. 

A further object of the invention is to provide a 
flareless tube connector employing a sleeve and fer- 10 
rule wherein a cam surface defined on the sleeve 
compresses and contracts the ferrule upon the tube, 
and the sleeve is of such configuration as to permit 
limited sleeve expansion and radial deformation dur- 
ing ferrule compression to provide a radial biasing 15 
pressure on the ferrule. 

In the practice of the invention, a fitting body in- 
cludes a flat radial face having an annular recess de- 
fined thereon receiving an elastomeric "0" ring hav- 
ing a greater normal axial dimension than the depth 20 
of the recess. The fitting body is externally threaded 
adjacent its end, and the fitting body may be soldered 
or threaded upon a tube or other conduit system con- 
nection, or otherwise permanently affixed to the con- 
duit system. 25 

A sleeve placed upon the end of a metal tube in- 
cludes an internal undercut portion adapted to re- 
ceive and outwardly flange the end of the tube, and 
the sleeve includes a flat radial surface for engaging 
the fitting body sealing face and the "0" ring. The 30 
sleeve also includes an inner annular conical cam 
surface adapted to overlie and engage a ferrule and 
a tapered outer surface to provide clearance for radial 
expansion. The sleeve includes a cantilevered end 
which is radially deformed outwardly as the ferrule is 35 
compressed which maintains a radial biasing force on 
the ferrule. 

The ferrule is provided with an inner diameter 
slightly greater than the diameter of the tube, and in- 
cludes a rear portion and a front portion extending to- 40 
ward the fitting body. A tapered outer surface defined 
on ferrule is adapted to engage the differently angled 
sleeve cam surface to deform the front portion of the 
ferrule Into a wedge type metal-to-metal sealing en- 
gagement with the tube by a compression nut thread- 45 
ed on the fitting body. The tapered surface of the fer- 
rule is of significantly lesser angle than the sleeve's 
inner cam surface, causing the ferrule to bow Inward- 
ly during assembly. This bowing action creates a com- 
pression force within the fitting thatabsorbs vibration so 
and causes the ferrule to firmly support the tube at 
a location which is remote from the location of the pri- 
mary sealing. The nut Includes an internal annular 
conical cam surface which engages a convex abut- 
ment surface defined on the ferrule adjacent the rear 55 
portion of the ferrule upon rotation of the nut in the 
tightening direction to force the ferrule axially for- 
wardly and radially inwardly, and engage the ferrule 



outer surface and sleeve cam surface. This wedge 
type engagement jams the end of the tube axially for- 
wardly into the sleeve undercut portion flaring the 
end of the tube outwardly and establishing a locked 
connection between the tube and sleeve preventing 
collapse of the tube end. The internal cam surface of 
the nut also forces the rear portion of the ferrule in- 
wardly into the tube to bow the ferrule which assists 
in vibration dampening and forces the ferrule rear 
end into firm contact with the tube for support of the 
tube at an axial location remote from the ferrule front 
end where primary sealing is occurring making the 
connector less susceptible to leakage during opera- 
tion. 

Because the construction utilizes a wedge type 
sealing engagement with the tube, the tube connec- 
tor is capable of being employed with a wide range of 
tubing materials of various hardness. 

The aforementioned objects and advantages of 
the invention will be appreciated from the following 
description and accompanying drawings wherein: 
FIG. 1 is an elevational view, diametrically sec- 
tioned, illustrating a flat-face seal tube connector 
in accord with the invention after initial assembly, 
but prior to tightening of the compression nut, 
FIG. 2 is a view similar to that of FIG. 1 illustrating 
the relationship of the components after rotation 
of the nut toward the fully assembled position, 
and 

FIG. 3 is an elevational sectional view similar to 
FIGS. 1 and 2 illustrating the connector in its fully 
assembled position. 

FIG. 4 is an enlarged sectional detail view of the 
sleeve end, ferrule and nut cam surface illustrat- 
ing the relationship of FIG. 2 prior to compression 
and axially displacement of the ferrule and illus- 
trating the use of an optional seal ring between 
the sleeve and tube, 

FIG. 5 is an enlarged sectional detail view of the 
sleeve end, ferrule and nut cam surface illustrat- 
ing the relationship of FIG. 3 wherein the ferrule 
is fully compressed, the optional sealing ring also 
being illustrated in a compressed condition, 
FIG. 6 is an enlarged elevational view of a ferrule 
having an orientation groove defined therein, 
FIG. 7 is a half sectional view of the ferrule of 
FIG. 6 taken along section 7-7 of FIG. 6, and 

FIGS. 8 - 12 are enlarged, schematic line 
views of the sleeve end, ferrule and nut cam sur- 
face illustrating the relationship of these compo- 
nents during various stages of the assembly; FIG. 
8 illustrating the components at one-half of a rev- 
olution of the compression nut prior to a "hand 
tight" nut rotation; FIG. 9 illustrates the compo- 
nents at a "hand tight" nut position; FIG. 10 shows 
the components one-half of a nut revolution be- 
yond that shown in FIG. 9; FIG. 11 represents the 
components one full nut revolution past the "hand 
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tight 0 relationship of FIG. 9, and FIG. 12 illus- 
trates the configuration of the components one 
and one-half revolutions past the "hand tight 0 re- 
lationship shown in FIG. 9. 

The components of the invention will be appreci- 5 
ated from the drawing figures. The basic component 
is the annular fitting body 10, partially shown, which 
is axially bored at 12. The bore 12 intersects an outer 
end 14 which is planar in configuration and is perpen- 
dicularly related to the axis of the fitting body. An an- 10 
nular recess 16 is concentrically defined within the 
end 14 and receives an elastomeric "O* ring 18 of a 
normal diameter greater than the axial depth of the 
recess 16 wherein upon assembly of the n O n ring into 
the recess a portion of the ring will axially extend be- 1 s 
yond the plane of the fitting body end 14. The fitting 
10 is provided with external threads at 20 adjacent 
the end 14, and the other end of the fitting, not 
shown, is adapted to receive a conduit having a bore 
in coaxial communication with the bore 12. 20 

A tube 22 Is to be connected to the fitting body 10, 
and the tube is of a cylindrical configuration including 
a squared end 24. A deformable ferrule 26 is mounted 
over the end of the tube 24, and an annular sleeve 28 
is mounted upon the tube end. A nut 30 is placed over 25 
the tube end prior to the assembly of the ferrule and 
sleeve thereon. 

The ferrule 26 is of an annular form, usually con- 
structed of a material having a hardness greater than 
that of the tube 22, and the ferrule includes a front 30 
portion 32 and a rear portion 34. Internally, the fer- 
rule 26 is provided with a bore 36 having a diameter 
slightly greater than the diameter of the tube 22. Ex- 
ternally, the ferrule 26 is provided with an annular ta- 
pered outer surface 38 extending from a largest diam- 35 
eter adjacent the rear portion 34 to a smallest diam- 
eter adjacent the front portion 32, and a convex abut- 
ment surface 40 is defined at the terminal rear of the 
ferrule adapted to engage the nut 30 as later descri- 
bed in detafl. Orientation means are preferably 40 
formed on the exterior of the ferrule as described be- 
low. 

The sleeve 28, like the ferrule 26, is usually con- 
structed of a material having a hardness greater than 
that of the tube 22. The forward end of the sleeve is 45 
provided with a flat sealing face 42 located within a 
plane perpendicular to the sleeve axis and adapted to 
align with the fitting flat end 14 and engage the "O n 
ring 18 to establish a fluid tight seal therebetween. 
The rearward end of the sleeve is provided with an in- 50 
ternal annular tapered cam surface 44 adapted to 
overlie and engage the surface 38 of the ferrule 26, 
and the sleeve outer surface 45 is conical and con- 
verges toward the sleeve free end. The rearward end 
of the sleeve is unsupported and comprises a canti- 55 
lever for imposing a biasing force on the ferrule as lat- 
er described. The sleeve 28 is also provided with an 
internal circumferential undercut 46 adapted to close- 



ly receive the end of the tube 22. The undercut 46 pro- 
vides a forwardly outwardly extending conical surface 
which flares the end of the tube 24 outwardly and es- 
tablishes a mechanical lock between the sleeve and 
tube and supports the tube end. 

As will be apparent from FIGS. 2, 4, 8 and 9 the 
angle of the ferrule conical surface 38 wit h respect to 
its axis is several degrees less than the angle of the 
sleeve conical surface 44. 

The nut 30 is internally threaded at 48 for thread- 
edly mounting the nut to the fitting threads 20, and 
the nut is provided with a maximum diameter bore in- 
dicated at 50 of a sufficient dimension to receive the 
tube 22 and surround the ferrule 26 and sleeve 28. 
The nut 30 is also provided with a radially inwardly ex- 
tending shoulder 52 defining an annular conical cam 
surface 54 adapted to engage the ferrule surface 40, 
and the inner diameter of the shoulder, as indicated 
at 56, is slightly greater than the diameter of the tube 
22. The diameters of the ferrule at 36, the nut at 56 
and the cylindrical sleeve surface intersected by sur- 
face 44 are the same. Externally, the nut 30 includes 
wrench engaging fiats, not shown, whereon a wrench, 
or the like, may be applied for threading the nut on the 
fitting threads 20. 

In assembly, the nut 30 is first inserted over the 
end of the tube 22, and the ferrule is slipped upon the 
end of the tube such that the ferrule's surface 40 op- 
poses the nut's cam surface 54. Thereupon, the 
sleeve 28 Is placed over the forward end of the tube 
22 until the end is aligned with the undercut 46, and 
the nut 30 is preliminarily threaded upon the fitting 
body threads 20, as represented in FIG. 1. 

Proper assembly of the connector is accomplish- 
ed by a predetermined number of revolutions of the 
compression nut 30 and as the nut 30 is tightened, 
translating the nut to the right of FIGS. 1-3, the nut 
cam surface 54 engages the ferrule surface 40 
thereby forcing the ferrule axially forwardly causing 
the ferrule abutment surface 38 to engage the sleeve 
cam surface 44. As the ferrule 26 moves forwardly, 
the front portion 32 of the ferrule 26 begins to deform 
inwardly into the tube 22 due to the configuration of 
the engaging surfaces and thereby force the tube 
and sleeve 28 forwardly engaging the sleeve sealing 
face 42 in a sealing relationship with the fitting body 
sealing face 14 and "O n ring 18, FIG. 2. Continued 
tightening of the nut 30 forces the ferrule 26 further 
forwardly deforming the front portion 32 of the ferrule 
26 inwardly into a wedge type metal-to-metal sealing 
engagement with the tube 22, forming the primary 
seal between the tube and connector, and jamming 
the forward end of the tube into tight engagement 
with the undercut 46 and the annular recess defined 
by the undercut The rear portion 34 of the ferrule 26 
is also deformed inwardly into the tube 22 due to the 
configuration of the ferrule abutment surface 40, as 
later described, to cause the ferrule to bow, FIG. 3, 
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and thereby provide assistance in vibration dampen- 
ing. Tightening of the nut 30 will be discontinued upon 
the predetermined number of nut rotations occurring, 
and at this point a fluid tight assembly is established. 

Depending on the hardness and wall thickness of s 
the tubing material with which the tube 22 is formed, 
the end of the tube 22 will be flared outwardly by the 
undercut 46 while the wedge type engagement of the 
ferrule 26 with the tube will deform the tube inwardly 
as illustrated in FIGS. 3 and 5. This flaring and de- 10 
forming of the tube provides strong resistance to axial 
forces imposed on the tube tending to separate the 
tube 22 from the fitting body 10. However, even If only 
slight deformation or flaring occurs, such as when 
connecting tubes of relatively hard materials like 15 
stainless steel, the ferrule 26 still provides significant 
frictional forces on the tube 22 due to the wedge type 
engagement to maintain the tube connected to the fit- 
ting body 10, and even if the tube is of a nonuniform 
surface, effective sealing will still be established to 20 
provide a fluid tight assembly. 

Several advantages are derived from the tight 
jamming of the end of the tube 22 into the undercut 
46. First, even though the end of the tube may not be 
exactly square a fluid-tight seal is usually achieved, 25 
however, primary sealing occurs between the tube 
and ferrule. Secondly, a mechanical locking of the 
sleeve 26 on the tube end occurs which assures that 
the sleeve will remain on the tube when the connector 
is uncoupled. Thirdly, the undercut 46 will support the 30 
tube end 24 against radial collapse during tightening 
of the nut and compression of the ferrule 26 as shown 
in FIGS. 3 and 5 as the undercut surface innermost 
portion extends back toward the tube 22. 

Sealing is also optionally augmented by installing 35 
an O-ring 58 within the sleeve, as shown in FIGS. 4 
and 5, prior to the ferrule entering the sleeve, and 
upon the connection being completed the O-ring 58 
will deform and extrude to tightly seal the tube, fer- 
rule and sleeve relative to each other adjacent ferrule 40 
end 32, FIG. 5. 

In FIGS. 6 and 7 the preferred ferrule construc- 
tion is shown in detail. A groove 64 encircles the fer- 
rule adjacent the larger diameter end 34 so that the 
assembler may be able to quickly determine which 45 
end of the ferrule should be first inserted over the 
tube end. The indicia groove 64 is particularly of ad- 
vantage with small size connectors wherein the fer- 
rule will be relatively small and the larger and smaller 
diameter ends are difficult to differentiate without the so 
presence of the orientation groove 64. 

The outer end 40 of the ferrule 26 consists of an 
outer gradual radius 60 and a smaller inner radius 62. 
As the nut cam surface 54 is conical a line" contact 
exists between the surfaces 60 and 54 which reduces 55 
friction between these engaged surfaces reducing 
the torque necessary to rotate nut 30 and preventing 
rotation of the ferrule as the nut rotates. The radius 



62 eliminates stress points in the tube as the ferrule 
end 34 is pushed into the tube. 

To best understand the interrelationship of the 
tube 22, sleeve 28, ferrule 26 and compression nut 
surface 54 during tightening of the compression nut 
30 reference is made to FIGS. 8 - 12 wherein these 
components are illustrated in a schematic line draw- 
ing manner for purpose of illustration. 

In FIG. 8 the relationship of components is that 
which exists when the compression nut 30 is one-half 
of a revolution prior to a "hand tight" condition. In this 
situation the nut surface 54 will be engaging the abut- 
ment end 40 of ferrule 26 and the nose of the ferrule 
will have initially engaged the sleeve surface 44. As 
t he ferrule surface 66 is only slightly convex and sub- 
stantially parallel to the nut surface 54 the force being 
applied to the ferrule 26 is in the axial direction as in- 
dicated by arrow A, and sufficient force has not been 
exerted on the ferrule by the nut to deform the fer- 
rule. 

FIG. 9 illustrates the "hand tight" relationship 
wherein the nut 30 has been tightened by hand and 
the movement of the ferrule is substantially axial to 
the right as the surface 54 will be engaging the fer- 
rule surface 66. The nose of the ferrule engages the 
sleeve surface 44 and a substantially radial force in- 
wardly is imposed on the nose of the ferrule by the 
sleeve surface 44 as indicated by arrow B. As it will 
be appreciated from FIG. 9 the force B deforms the 
nose of the ferrule into engagement with the tube 
surface. 

FIG. 10 illustrates the relationship of the compo- 
nents approximately one-half of a nut revolution past 
the "hand tight 0 relationship of FIG. 9 in the nut tight- 
ening direction. Under these conditions the force B 
has inwardly deformed the nose of the ferrule into the 
material of the tube, and the ferrule has moved to the 
right to such an extent that the sleeve surface 44 and 
the ferrule surface 38 are now substantially parallel 
and contiguous throughout their engagement The 
nose region of the ferrule has been forced inwardly 
into a deeper penetration of the tube and the primary 
metal-to-metal sealing relationship between the fer- 
rule and the tube is now occurring. 

In FIG. 11 the components are illustrated under 
that condition wherein the compression nut has been 
rotated one full revolution past the "hand tight" con- 
dition of FIG. 9. The nose region 32 of the ferrule is 
imbedded deeper into the tube in view of the inward 
force imposed upon the ferrule by the sleeve surface 
44, and the ferrule is beginning to assume a "bowed" 
configuration due to the high axial forces being im- 
posed thereon. The nut cam surface 54 is now begin- 
ning to engage the ferrule convex radius 60, and the 
force vector between the surfaces 54 and 60 now has 
a radial component which causes the ferrule radius 
62 to engage the surface of the tube 22 as will be ap- 
preciated from FIG. 11. 
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In FIG. 12 a full tight condition is shown wherein 
the nut has been rotated approximately one and one- 
half revolutions past the "hand tight" condition of FIG. 
9. Under these conditions the axial forces on the fer- 
rule are high, the ferrule nose has been imbedded 5 
deeply into the tube 22 to achieve effective sealing, 
and the ferrule 26 has been significantly bowed 
wherein the nut surface 54 engages the ferrule ra- 
dius 60 such that the force vector as represented by 
arrow C will have a significant radial component. This to 
radial compression of the outer end of the ferrule en- 
gaged by the surface 54 causes the outer end of the 
ferrule to slightly imbed into the tube 22 at the sur- 
face 62 and a firm mechanical interconnection be- 
tween the ferrule and the tube will occur at the sur- is 
face 62. The firm mechanical connection of the fer- 
rule to the tube at surface 62 provides a strong sup- 
port of the tube relative to the connector at a location 
significantly axially spaced from the primary metal- 
to-metal seal occurring at the ferrule nose region 32. 20 
Thus, flexing and vibration occurring in the tube is ab- 
sorbed at the ferrule radius 62 and not transmitted to 
the nose end of the ferrule where sealing is occur- 
ring. Accordingly, a connector utilizing the inventive 
concepts is able to withstand significant vibration 25 
without leakage. 

Additionally, the bowed configuration of the fer- 
rule 26 as is apparent from FIG. 12 permits the con- 
nector to absorb vibration without a loss of sealing ef- 
ficiency in that the bowed configuration has an inher- 30 
ent resiliency. This aspect of the invention is aug- 
mented by the cantiievered construction of the 
sleeve wherein the sleeve outer end 68 is capable of 
deforming outwardly in a resilient manner due to the 
forces being imposed on the ferrule by the sleeve. 35 
This outward deformation Is represented in FIGS. 10 
and 12 by the arrow D. The inherent resiliency of the 
cantiievered end of the sleeve will maintain a strong 
biasing force on the ferrule in an inward radial direc- 
tion further resisting any tendency for the connector 40 
to leak even though vibrations may be imposed there- 
on. 

The presence of the sleeve tapered outer surface 
45 permits the cantiievered outer sleeve end 68 to de- 
flect outwardly during ferrule compression without 45 
engaging the nut bore 50 and the reduced wall thick- 
ness of the outer end of the sleeve 28 resulting from 
surfaces 44 and 45 permits the sleeve to deflect out- 
wardly during compression of the ferrule for maintain- 
ing the biasing compression force on the ferrule de- so 
scribed above. 

It is to be appreciated that various modifications 
to the inventive concepts may be apparent to those 
skilled in the art without departing from the spirit and 
scope of the invention. 55 



Claims 

1. A connector for attaching a cylindrical flareless 
tube having an end and an end region to a tubular 
fitting having an axis, an externally threaded por- 
tion and a sealing face comprising, in combina- 
tion, a sleeve having an axis adapted to be placed 
over the end region of the tube, said sleeve in- 
cluding a rearward facing end and a forward fac- 
ing end defining a sealing face adapted to be lo- 
cated in an opposed axially aligned relationship 
to the fitting sealing face, an annular rearwardly 
facing recess defined internally within said 
sleeve adjacent said forward facing end for re- 
ceiving the end of the tube and establishing a 
metal-to-metal sealing relationship therewith, a 
conical surface defined in said rearwardly facing 
recess forming an undercut for receiving, sup- 
porting and outwardly flaring the tube end, an in- 
ternal conical cam surface defined upon said 
sleeve adjacent said rearward facing end, a fer- 
rule having a front portion, a rear portion having 
an external abutment surface, an internal diam- 
eter substantially equal to the diameter of the 
tube, and an external tapered surface adapted to 
engage said sleeve conical cam surface for de- 
forming said front portion inwardly into a metal- 
to-metai sealing engagement with the tube's cyl- 
indrical surface, a nut surrounding said sleeve 
and said ferrule having threads adapted to en- 
gage the fitting threaded portion, said nut having 
an internal shoulder adapted to engage said fer- 
rule's abutment surface forcing said ferrule for- 
wardly engaging said ferrule tapered surface and 
sleeve cam surface and forcing said sleeve seal- 
ing face into the fitting sealing face to establish a 
sealing relationship therebetween. 

2. In a connector as in claim 1 , said recess's conical 
cam surface defining said undercut extending 
outwardly and forwardly, the end of the tube be- 
ing jammed into said conical cam surface thereby 
flaring the end of the tube outwardly and estab- 
lishing a metal-to-metal supporting engagement 
therewith. 

3. In a connector as in claim 1, a conical cam sur- 
face defined on said nut's shoulder adapted to 
engage said ferrule's abutment surface. 

4. In a connector as in claim 3, said rear portion of 
said ferrule being deformed inwardly into en- 
gagement with the tube upon said nuf s conical 
cam surface engaging said ferrule's abutment 
surface. 

5. In a connector as in claim 4, said rear portion of 
said ferrule including a convex surface engaged 
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by said nut shoulder conical cam surface produc- 
ing substantially line contact therewith to reduce 
frictional forces, and said ferrule convex surface 
having a changing relationship to said cam sur- 
face during compression of said ferrule to in- 5 
crease the radial force imposed on said ferrule 
rear portion during final stages of tightening of 
said nut 

6. In a connector as in claim 1, the fitting sealing 10 
face being substantially flat and substantially per- 
pendicular to the fitting axis, and said sleeve 
sealing face being substantially flat lying within a 
plane substantially perpendicular to said sleeve 
axis, an annular recess defined within and inter- 1 s 
sectlng the fitting sealing face, and an elastome- 

ric seal located with said annular recess adapted 
to engage said sleeve flat surface. 

7. In a connector as in claim 1 , an eiastomeric seal- 20 
ing ring mounted on the tube end region located 
intermediate said sleeve and the tube end region, 

and engaging said ferrule front portion. 

8. A connector for attaching a cylindrical flareless 25 
tube having an end and an end region to a tubular 
fitting having an axis, an externally threaded por- 
tion and a sealing face comprising, in combina- 
tion, a sleeve having an axis adapted to be placed 
over the end region of the tube, said sleeve in- so 
eluding a free rearward facing end and a forward 
facing end defining a sealing face and adapted to 

be located in an opposed axially aligned relation- 
ship to the fitting sealing face, said sleeve includ- 
ing an interior conical surface converging in the 35 
direction of said sleeve forward facing end, said 
sleeve including an outer surface intersecting 
said sleeve rearward facing end wherein the ra- 
dial wall thickness of said sleeve adjacent said 
rearward facing end is less than the sleeve wall 40 
thickness adjacent said sleeve forward facing 
end, a ferrule having a front portion, a rear por- 
tion having an external abutment surface, an In- 
ternal diameter substantially equal to the diame- 
ter of the tube, and an external conical surface 45 
adapted to engage said sleeve inner conical sur- 
face for deforming said ferrule front portion in- 
wardly into a metal-to-metal sealing engagement 
with the tube's cylindrical surface, a nut sur- 
rounding said sleeve and said ferrule having so 
threads adapted to engage the fitting threaded 
portion, said nut having an internal shoulder 
adapted to engage said ferrule's abutment sur- 
face forcing said ferrule forwardly engaging said 
ferrule exterior conical surface and sleeve coni- 55 
cal surface to radially contract said ferrule, said 
sleeve inner conical surface and said ferrule ex- 
terior conical surface engaging adjacent said 



sleeve rearward facing end upon completion of 
tightening of said nut wherein said reduced wall 
thickness of said sleeve adjacent said sleeve 
rearward facing end permits said sleeve rear- 
ward facing end to deflect radially outwardly im- 
posing an inwardly directed biasing force upon 
said ferrule, completion of the nut tightening en- 
gaging the fitting sealing face with the sleeve for- 
ward facing sealing face establishing sealing be- 
tween the fitting and said sleeve. 

9. In a connector as in claim 8, said sleeve outer sur- 
face comprising a conical surface converging in 
the direction of said sleeve rearward facing end. 

10. In a connector as in claim 8, the fitting sealing 
face being flat and substantially perpendicular to 
the fitting axis, said sleeve forward facing end 
comprising a flat sealing face within a plane sub- 
stantially perpendicular to the sleeve axis, an an- 
nular recess defined within and intersecting the 
fitting sealing face, and an eiastomeric seal locat- 
ed within said annular recess adapted to estab- 
lish a sealing relationship with said flat sleeve 
face. 

11. A connector for attaching a cylindrical flareless 
tube having an end and an end region to a tubular 
fitting having an axis, an externally threaded por- 
tion and a sealing face comprising, in combina- 
tion, a sleeve having an axis adapted to be placed 
over the end region of the tube, said sleeve in- 
cluding a rearward facing end and a forward fac- 
ing end defining a seating face adapted to be lo- 
cated in an opposed axially aligned relationship 
to the fitting sealing face, said sleeve Including 
an inner conical surface Intersecting said rear- 
ward facing end converging in the direction of 
said sleeve forward facing end, a ferrule having 
a front portion, a rear portion having an external 
abutment surface, an internal diameter substan- 
tially equal to the diameter of the tube, and an ex- 
ternal conical surface adapted to engage said 
sleeve inner conical surface for deforming said 
ferrule front portion inwardly into a metal-to-met- 
al sealing engagement with the tube's cylindrical 
surface, said ferrule external abutment surface 
comprising an outer convex surface, a nut sur- 
rounding said sleeve and said ferrule having 
threads adapted to engage the fitting threaded 
portion, said nut having an internal shoulder hav- 
ing a conical surface converging toward the tube 
and away from said ferrule whereby upon tight- 
ening of said nut said nut conical surface engag- 
es said ferrule convex surface in an annular line 
forcing said ferrule forwardly into engagement 
with said sleeve inner conical surface to radially 
compress said ferrule, tightening of said nut ax- 
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ially forcing said ferrule and sleeve and sleeve 
forward facing sealing face into a sealing relation- 
ship with the fitting sealing face. 

12. In a connector for a flareless tube as in claim 11, 5 
said ferrule being formed of an elastically de- 
formable metal and bowed radially outwardly be- 
tween said ferrule front and rear portions when 
under axial compression to produce a spring 
force within said ferrule to reduce vibration loads 10 
within said connector. 

13. In a connector for a flareless tube as in claim 12, 
said ferrule outer convex abutment surface in- 
cluding a convex radius atsaid abutment surface is 
outer dimension of reduced dimension engaging 

said nut conical surface upon said ferrule bowing 
to produce a radially inward force vector forcing 
said ferrule rear portion into said tube. 

20 

14. In a connector for a cylindrical flareless tube as 
in any one of claims 11 to 13, wherein the angle 
of convergence of said sleeve inner conical sur- 
face is greater than the angle of convergence of 
said ferrule external conical surface whereby ax- 25 
ial compression of said ferrule during tightening 

of said nut causes said ferrule to axially bow ra- 
dially outwardly between said ferrule front and 
rear portions. 

30 

15. In a connector for a cylindrical flareless tube as 
in any one of claims 11 to 14, and including indicia 
means defined on said ferrule external conical 
surface adjacent one of said ferrule portions to 
visually indicate a predetermined ferrule end 35 
portion. 

16. In a ferrule for a compression fitting wherein the 
ferrule is adapted to be mounted upon a tube ad- 
jacent a tube end, in combination, said ferrule 40 
comprising an annular body having a cylindrical 
bore, an exterior surface, a first end, and a sec- 
ond end, said ferrule ends having different radial 

wall thicknesses, the improvement comprising in- 
dicia means defined upon the exterior surface of 45 
said ferrule adjacent one of said ferrule ends to 
visibly indicate a particular ferrule end. 

1 7. A connector as in claim 1 5 or a ferrule as in claim 

16, wherein said indicia means comprise an an- so 
nular groove circumscribing said ferrule exterior 
surface. 
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